Tomasulo, Michael, and Braunstein, Herbert: Late deoxyribonuclease activity of Salmonella enteritidis. Am J Clin Pathol 72: 82-84, 1979 . As a result of chance observations, the authors studied for deoxyribonuclease activity 16 strains of Salmonella, including six fresh isolates and ten stock cultures, with positive results in 13. Reactions characteristically occurred at 48 hours or later, with the majority being manifest at 72 hours and the latest at six days. No other positive reaction was observed among approximately 7,000 Enterobacteriaceae tested, except for Serratia species and Proteus vulgaris. Deoxyribonuclease screening plates for Serratia should be read at 24 hours, and positive results encountered after that time should be interpreted with caution to ensure that H 2 Snegative strains of Salmonella will not be confused with other genera of Enterobacteriaceae. (Key words: Deoxyribonuclease; Salmonella; Enterobacteriaceae.) EXTRACELLULAR DEOXYRIBONUCLEASE activity is an important biochemical quality assisting in the identification of Enterobacteriaceae, as well as other fermentative and nonfermentative gram-negative rods and Staphylococci.'• 2 ' 6,810 Among Enterobacteriaceae, only Serratia species and Proteus vulgaris are said to show such activity when tested by standard methods.
lfi,s For the last two years, our laboratory has routinely tested for deoxyribonuclease activity of all isolates of Enterobacteriaceae. During this period, we have noticed a previously unrecorded phenomenon: deoxyribonuclease activity among strains of Salmonella enteritidis. This observation is the subject of our report.
Materials and Methods
Since inception of our use of deoxyribonuclease testing, approximately 7,000 isolates of Enterobacteriaceae have been accessioned at our center. These include in excess of: 3,000 All of these organisms have been tested with the deoxyribonuclease reaction, using Difco® deoxyribonuclease base with added toluidine blue indicator. 2, 8 In all instances, plates were read daily, but held for a minimum of 48 to 72 hours prior to discard. As a result of our chance observations, 16 strains of Salmonella (Table 1) , including ten stock strains and six freshly isolated strains, were systematically tested by this method, as well as the original deoxyribonuclease method employing subsequently added normal hydrochloric acid (1 N HC1), 2,5 and a similar method, incorporating into the medium the indicator Methyl Green. 29 All plates in the Salmonella study were held for seven days and evaluated daily before discard. The plates without indicator were flooded with 1 N HC1 only at the time the plates with indicator manifested a positive test, or at seven days, just prior to discarding them.
Results
Among the large number of fermentative gram-negative rods tested originally, positive reactions were observed only among the following species: Serratia marcescens, liquefaciens, and rubidaea, P. vulgaris, Aeromonas hydrophila, and S. enteritidis. It was noticed that positive reactions for Salmonella were not observed at 24 hours, but typically developed when the plates were studied at 48 hours or later.
The results of the systematic study of 16 strains of Salmonella are summarized in Table 1 . Identical results were obtained with all three deoxyribonuclease methods for each organism tested. Of the 16 strains, 13 yielded positive reactions, while three, including one Salmonella, group A, and one S. typhi, were negative at seven days. Of the six freshly isolated strains studied, five manifested positive reactions, while only the S. typhi was negative. Two of the 13 developed positive reactions in 48 hours, nine in 72 hours, one at four days, and one at six days. 
Discussion
We have found the deoxyribonuclease reaction to be a useful method for screening fermentative gramnegative rods.
1 ' 810 Since, in contrast to Enterobacteriaceae, the Aeromonas-Vibrio group is characteristically oxidase-positive, 3,4 the combination of negative oxidase and positive deoxyribonuclease tests has been taken as presumptive evidence that a fermentative gram-negative rod is a Serratia species. 1, 6, 8 While Martin and Ewing, 6 employing an identical test medium, indicated that among Enterobacteriaceae only the Serratia genus and P. vulgaris manifested deoxyribonuclease activity, a review of their publication and that of Rothberg and Swartz 7 indicates that testing was performed invariably at 18-24 hours. With the method in use at that time, requiring flooding of the plate with 1 N HC1, 5 more prolonged observation was impossible. Accordingly, although 250 Salmonella strains were tested in the two studies, the deoxyribonuclease reaction was never observed beyond 24 hours. Since none of the Salmonella strains we studied showed a positive deoxyribonuclease test before 48 hours, it is not surprising that both studies cited above recorded consistently negative results.
Incorporation of dye indicators such as toluidine blue (yielding metachromasia) 2,8 or methyl green (yielding decolorization) 2,9 into the test medium to demonstrate hydrolysis of deoxyribonucleic acid (DNA) has permitted retention of deoxyribonuclease plates beyond 24 hours for review. Indeed, reference sources suggest that an advantage of use of deoxyribonuclease plates with dye is that they may be held beyond 24 hours for observation.
2 " We have found occasionally that evidence of deoxyribonuclease activity may be barely perceptible at 24 hours, especially with organisms such as Aeromonas and P. vulgaris, and have held such plates for longer periods for confirmation.
The three methods for detecting extracellular deoxyribonuclease depend upon the ability of the enzyme to hydrolyze the substrate DNA in the medium. In medium without added dye (when the plate is flooded with acid), the DNA precipitates, whereas the oligonucleotides produced by enzymatic hydrolysis are acid-soluble, producing a clear zone.
2 -5 With the addition of toluidine blue, the polymeric complexing of the acidic oligonucleotides with the dye produces a pink (metachromatic) color, while the dye remains blue (orthochromatic) in areas where DNA is intact.
2,8 Addition of methyl green takes advantage of the ability of methyl green (a histochemical stain for DNA) to combine with intact DNA, forming a green complex. When hydrolysis occurs, the methyl green is released from the linkage and decolorized, producing a clear zone about the colonies. 2, 9 In our laboratory, we use the toluidine blue technic because of its convenience and readability, since we find the acid-flooded plates difficult to interpret. Toluidine blue is unsuitable for use with Staphylococcus, since the dye inhibits their growth, and therefore cannot be used by laboratories performing deoxyribonuclease testing on that genus.
2 The methyl green technic appears to be a suitable substitute yielding equivalent results when it is also desired to test Staphylococcus for deoxyribonuclease.
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It is evident from our study that most strains of Salmonella show late or weak deoxyribonuclease activity when tested by three standard methods, an observation not previously recorded. This quality is unlikely to engender confusion for Salmonella (as well as P. vul-TOMASULO AND BRAUNSTEIN
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garis) under the usual circumstance, when H 2 S production in sugar-iron agar slants is manifest. On the other hand, should H 2 S-negative strains of these organisms be studied, the possibility of confusion with Serratia species exists. Microbiologists are cautioned that deoxyribonuclease plates used to screen for Serratia should be read at 24 hours. Reactions appearing later are not necessarily characteristic of Serratia, but are found with the majority of Salmonella isolates, as well as occasional strains of P. vulgaris and Aeromonas. If an exclusion type of computer program is used in Enterobacteriaceae identification, a positive deoxyribonuclease reaction should not signify an exclusion of Salmonella, unless plates are read at 24 hours or earlier.
It is also noteworthy that we have not observed positive reactions among any of the large number of other Enterobacteriaceae species studied during the test period. Pending a definitive study in which plates are held for seven days, it is still possible that the trait of late deoxyribonuclease activity may be found among these organisms, but our experience suggests that such an occurrence must be rare, since all of our deoxyribonuclease plates have been examined at 48-72 hours.
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